The objective of this study was to determine the metabolizable energy (ME) 
INTRODUCTION
Genetically improved pigs have a high daily demand of nutrients, mainly energy and amino acids, in order to achieve their genetic potential. Since they have low feed intake, diets with high nutritional density are needed to attend such demands. Through genetic selection, pigs have been proved capable of processing food more efficiently, then, developing carcasses with a higher proportion of muscle and less fat; thus, these animals require a diet with a high concentration of digestible amino acids in order to achieve their genetic potential for lean meat accretion (Chen et al., 1995) . Constant progress in management, health, environment, and genetic improvement leads to a permanent need for reevaluation and updating of studies on nutritional requirements (Caldara et al., 2001) . Along with this need, the environmental concern should be taken more seriously since pig farming produces a large amount of manure that pollutes the environment. Nutritionists could interfere more often in the process and, through the state-of-the-art revising in nutrition and food, help to reduce swine manure production and to maximize nutrient utilization (Penz Junior, 1999) . The concept of the ideal protein suggests the utilization of diets with lower levels of protein supplemented with synthetic amino acids; thus, the animals are fed with a profile of amino acids close to nutritional requirements, while the emission of pollutants in the soil is reduced (Baker, 1996) . This study determined the metabolizable energy requirement of barrows (15 to 30 kg) fed on an ideal protein concept based diet.
MATERIAL AND METHODS
A performance trial was carried out during summer with average low temperatures of 20.2 + 1.5 o C and average high temperatures of 32.9 + 3.4 o C. Forty-three hybrid barrows (Large White x Landrace/Large White) SEGHERS ® of the dam line, with genetic potential for a high lean accretion and average initial weight 15.6 + 1.4 kg, were used. These were housed in a two-room concrete nursery. Each room was divided into ten pens, separated by a central corridor. The pens were equipped with self-feeders in the front part and a drinking nipple at the back. The floor was elevated by 1/3 with a plastic drained floor. The pigs were allotted in a completely randomized block design, with two pigs per experimental unit, with four treatments and five replicates. Ancestry and initial body weight were taken into account at the formation of the blocks and the experimental units.
Corn and soybean meal were analyzed for crude protein and gross energy ( Table 1 ). The containing lysine (23.4%) in vitamin and mineral premix was taken into account. Table 2 shows the ideal protein pattern used in the formulation of the diet. Rostagno et al. (2000) . 3 Adjusted according to the content indicated by Rostagno et al. (2000) and to the analyzed crude protein. The treatments consisted of four practical diets (Table 3) based on yellow corn, soybean meal, soybean oil, limestone, dicalcium phosphate, salt (NaCl), vitamin, and mineral premix. Treatment 1 consisted of a diet containing 0.96% of digestible lysine (Fraga, 2002) . The levels of digestible amino acids (lysine, methionine+cystine, thryptophan, and threonine) met the ideal ratio of amino acids (Table 2) . Treatments 2, 3 and 4 consisted of diets similar to Treatment 1; the levels of energy were 2, 4, and 6% higher than those in Treatment 1. In the same way, the levels of amino acids followed proportionally lysine:ME ratio in Treatment 1. The levels of calcium and available phosphorus in all treatments were corrected proportionally with the ME content. Table 4 shows the chemical and energetic compositions of the experimental diets. Experimental protocols. The pigs were given ad libitum access to the diets and water. Both, pigs and feed were weighed at the start on the 14 th day and at the end of the trial. Feed intake (DFI), daily weight gain (DWG), and feed:gain ratio (F:G) were calculated daily. Pigs were bled in the morning, after feeding, according to Cai et al. (1994) . Blood samples were collected in heparinized tubes, via vena cranialis puncture, at the start and at the end of the experiment. Approximately 10 mL of blood was collected and centrifuged at 3000 rpm, for 15 minutes, in order to obtain the plasma, which was frozen at -20º C, for further analysis of plasma urea nitrogen (PUN). The PUN dosage was analyzed by the enzymatic method, by MERCK ® Diasys kit. The urea level rate was multiplied by 0.467, which represents the nitrogen fraction in the urea molecule (Newman and Price, 1999) . Initial PUN (pretreatment period) was used as a co-variable to correct final PUN (treatment period), for individual animal differences. Three pigs were slaughtered at the beginning of the trial in order to determine the initial body composition, and three pigs from each treatment were slaughtered at the end of the trial; the pigs underwent feed fast for 24 hours and water fast for six hours before slaughter. At the end of the experiment, liver, kidneys, heart, pancreas, stomach, spleen, and lungs of the slaughtered animals were weighed. The absolute and relative weights of the organs were analyzed; the relative weight was calculated by dividing the absolute weight of each organ by the body weight of the pigs before slaughtering. Half-carcasses from each slaughtered pig were frozen (-12 o C) and ground by an electrical grinder, powered by a 1700-rpm engine, with a four mmround hole perforated plate. Samples of approximately 1.0kg were taken and stored at -12 o C for later chemical analysis. Approximately 200g from each sample were defrosted, pre-dried during 72 hours, and fat pre-extracted during four hours by the "Soxlhet" extractor. Pre-dried and pre-defatted samples were then ground with a "ball" grinder and maintained refrigerated for further analysis (AOAC, 1975) . Carcasses were analyzed for protein (CCP), water (CWA), fat (CFAT), and ash (CASH) contents. The values obtained during pre-drying and pre-fat extraction were employed for calculating values in whole carcasses. Daily protein (DPA) and fat (DFA) accretion were also estimated. The DPA was calculated by the following formula: DPA = (AP EC -AP IC ) / EP, where AP EC and AP IC are, respectively, the amount (in grams) of protein in the carcass at the end and at the beginning of the trial; EP is the experimental period (in days). The AP EC was obtained by multiplying the carcass weight of one pig by its respective CCP, while the AP IC was obtained by multiplying the body weight of the same pig by the average carcass yield (65.5%) and the CCP (average of three pigs slaughtered at the beginning of the trial = 17.99kg). The DFA was calculated by the following formula: DFA = (AF EC -AF IC ) / EP, where AF EC and AF IC are, respectively, the amount (in grams) of fat in the carcass at the end and at the beginning of the trial; EP is the experimental period (in days). The AF EC and AF IC, as well as the AP EC and AP IC , were obtained by using CFAT. Statistical analysis. The analyzed variables were = performance (daily feed intake, daily weight gain, and feed:gain ratio), body composition (water, protein, and fat content), PUN and absolute and relative organ weights. Data were submitted to the polynomial regression analysis, according to the following mathematic model:
where: Y ijk was the value of variables, relative to each individual k, receiving energy level j; µ was the general constant; b 1 was the linear regression coefficient of energy level on Y variable; b 2 was the quadratic regression coefficient of energy level on Y variable; N j was the energy levels in diets, being j = 3,264, 3,329, 3,395, and 3,460 kcal of ME/kg; N was the average level of energy in diets (3,362); and e ijk was the random error associated with each observation. Table 5 shows the initial body weight, daily feed intake (DFI), daily weight gain (DWG), feed:gain ratio (F:G), daily energy intake (DEI), and plasma urea nitrogen level (PUN). No effect (P>0.05) of increasing metabolizable energy levels was reported on DFI, DWG, and F:G for the different periods (0-14 and 14-23 days). Since no effect (P>0.05) of ME levels on pigs performance on the 0 to 14-day-period and 14 to 23-day-period was reported, discussion would be based on the total 0 to 23-day-period of the experiment. ME levels did not influence (P>0.05) the DFI, although the daily energy intake (DEI) changed from 3,960 to 4,379 kcal; which indicated that the barrows did not adjust their feed intake with diet energy density. The mean DFI was of 1236 g/day, that is, lower than the 1302 g/day expected by the NRC (1998). According to Coffey et al. (1982) , pigs feeding ad libitum apparently consume enough to attend their energy requirements, whereas their consumption is influenced by diet energy content.
RESULTS AND DISCUSSION
Results were similar to those by Oliveira et al. (1997b) who failed to find any influence of increasing energy levels on DFI of gilts during the initial phase (15 to 30 kg). However, Donzele et al. (1997) , Oliveira et al. (1997a) , and Lopez-Bote et al. (1997) reported decrease in the feed intake, whereas diet energy level of gilts and barrows in the initial phase (15 to 30 kg) and in the growing and finishing pigs increased, respectively. The lysine requirement was expressed in terms of lysine:DE ratio, because the pigs consumed diet to achieve their energetic requirements. Chiba et al. (1990) suggested that amino acid requirements were related to energy content. In our experiment, this ratio was of 2.82g of digestible lysine/Mcal of DE; which was close to the ratio (2.88g) indicated by NRC (1998), for 10-20 kg BW piglets. An increase in DWG (P=0.056) was accounted for as a function of the ME levels. Improvement of weight gain could be explained by an increase (P=0.048) in the DEI. These results were different from those by Stahly and Cromwell (1979) , Coelho et al. (1987) , and Tavares et al. (1999) who failed to record any difference in the weight gain of barrows (8-60kg) caused by the energy level. However, Dividich and Noblet (1986) , using weaning piglets, evaluated a diet with two levels of DE (3,100 and 3,600 kcal) and proved that a lower dietary energy level led to lower weight gain. The ME level increase (P>0.05) did not influence the feed:gain ratio. This result was different from that by Stahly and Cromwell (1979) who observed an improvement in F:G of growing and finishing pigs in proportion to fat supplementation. Likewise, Beterchini et al. (1986) , Lima et al. (1990) , and Stein et al. (1996) found that starting, growing, and finishing pigs improved F:G owing to an increase in the DE diet level. According to Usry et al. (1998) , pigs fed on diets with higher levels of energy, with constant feed intake, would increase weight gain. If energy intake was constant, feed intake would be reduced and, consequently, feed:gain ratio improved. There was no effect (P>0.05) of ME levels increase on PUN (Table 5 ). These results suggested that an increase of ME levels did not improve the use of amino acids by pigs. Table 6 shows results of body composition and protein and fat deposition rate as a function of ME levels increase. Water and protein contents decreased linearly (P<0.05) with the ME level increase. These results were similar to those by Campbell and Tavener (1988) and Donzele et al. (1992) . These authors also observed an increase on carcass fat due to water detriment. The ME increase in diet levels influenced the increase of DWG; in fact, it was directly related to the DEI increase, which influenced the weight gain composition. The ME levels of diets led to a linear increase (P>0.05) of the carcass fat deposition rate (Table  6 ). Several authors (Donzele et al., 1997; Oliveira et al., 1997b; and Ferreira et al., 1998) reported an increase in carcass fat deposition rate as a result of an increase in the diet energy content of 15-30 kg barrows' body weight. Close and Stanier (1984) and Bikker et al. (1995) showed that carcass fat deposition rate was more dependent on energy intake than on protein intake. In our experiment, an increase in fat content and fat deposition rate, along with the highest ME levels, was observed; which indicated that above 3,264 kcal ME, there was a surplus of energy higher than requirements for protein deposition; also, the excess resulted in fat storage. The same result was found by Greef et al. (1994) who observed that above maximum capacity of protein deposition, the high daily energy intake caused increase in the carcass's lipid:protein ratio. Being the pigs from the dam line hybrids, their maximum capacity of protein deposition was achieved at 3,264 kcal of ME/kg or less. Higher ME levels would carry the energy over to carcass's fat deposition; which suggested that in the case of these barrows, the ME requirement was of 3,264 kcal/kg, eventually identical to the level indicated by NRC (1998) and by Rostagno et al. (2000) . Since the protein deposition rate was not influenced (P>0.05) by the ME level increase, it was observed that the 3,264 kcal of ME level associated with the 0.96% of digestible lysine formed an adequate balance of ingested nutrients to meet all genetic capacity of muscular protein deposition. Similarly, Fraga (2002) did not find any variation on protein deposition rate in improved 15-30kg barrows carcass as to evaluate any level increase of total lysine (0.8 to 1.4%), in which lysine:essential amino acids at level 3,400 kcal DE of diet was maintained. After analyzing PUN (Table 5 ) and protein deposition (Table 6 ) results, it was observed that although there was no difference (P>0.05) on PUN rates, individual values showed numeric behavior opposed to protein deposition rate and they also differed (P>0.05) from each other. In other words, for the highest protein deposition (98.5g/d), the smallest PUN (9.95) value was attributed; and for the lowest protein deposition (86.7g/d), the highest PUN (11.68) was available. A lack in the detection of differences in PUN results might be due to high coefficient variation (27.47%). Table 7 shows the absolute weight (in grams) and the relative weight as a percentage of live weight and organs (liver, kidneys, heart, lungs, pancreas, spleen, stomach, and tongue) of barrows fed on diets with different DE levels. There was no effect (P>0.05) of diet's ME level on the absolute or the relative weight of organs. These results were similar to those by Oliveira et al. (1997b) who did not observe any effect of the DE level of the diet on the relative and the absolute weights of organs (liver, kidneys, heart, and lungs). On the other hand, Ferreira et al. (1998) , evaluating the effect of DE levels increase in 15-30kg female piglets, found that the DE level of the diet reduced the absolute and the relative weights of the kidneys. Nevertheless, the same authors justified that kidney reduction could occur because of the linear reduction of protein intake and, consequently, of the quantity of urea eliminated directly in the urine.
CONCLUSION
Results suggest that for improved barrows (15 to 30 kg) of the dam line, fed on 0.96% digestible lysine diets, formulated according to the ideal protein concept, the ME requirement is 3,264 kcal/kg or less. 
RESUMO

